Within the last two decades, several large national and international surveys have described the practice of mechanical ventilation and weaning. As part of the Spanish Lung Failure Collaborative Group, Esteban and others 1 carried out a national This work formed part of a Ph.D. thesis written by Louise Rose at the SUMMARy Using a one-day prospective point prevalence design, this study aimed to characterise the current practice of mechanical ventilation and weaning in Australian and New Zealand intensive care units.
survey of Spanish intensive care units (ICUs) to identify modes of ventilation, the duration of ventilator support and methods and time required for weaning. Subsequently, The Mechanical Ventilation International Study Group 2,3 performed two international utilisation reviews of mechanical ventilation in ICUs. Recently, Esteban and others described evolving changes in international ventilatory practice 4 . Notably, Australia and New Zealand (ANZ) were not included in any of these large international studies.
ANZ ICUs follow a closed medical model staffed predominantly by specifically trained specialists working with registered nursing staff, a high proportion of whom hold a postgraduate critical care qualification [5] [6] [7] . Patients receiving mechanical ventilation are managed on a 1:1 nurse-to-patient ratio, with those ICU nurses performing many of the clinical roles carried out by respiratory therapists in North America, a role completely absent in ANZ. The objective of the present study was to document the current practice of mechanical ventilation and weaning in ANZ ICUs for comparison with published international data. An important comparative focus was on the ventilatory modes, duration of ventilation and weaning, the incidence of re-intubation and the use of noninvasive ventilation post-extubation.
METHODS

Sample
Many ICUs were self-selected for participation in this survey through their response to a request for involvement sent via the closed email list of the ANZ Intensive Care Society Clinical Trials Group. The remainder were recruited through personal email contact from one author with unit managers, or a mailed recruitment letter to ICUs in New Zealand. Organisational and other aspects of ventilation management at these ICUs have been reported elsewhere 6 . Paediatric ICUs and units that provided predominantly coronary care were excluded.
On Monday May 9, 2005 in Australia and Monday September 26, 2005 in New Zealand, a prospective cohort was identified consisting of all in-patients and new admissions to the participating units between 0000 and 2359 hours if receiving mechanical ventilation. These study patients were followed indefinitely until 48 hours post-extubation, death or loss to follow-up.
Approval for this observational, non-interventional cohort study was obtained from the Institutional Review Boards of all participating hospitals and The University of Melbourne, which together waived the need for informed consent from patients.
Data collection
Prior to data collection, each participating site was provided with study guidelines and definitions based upon previously published surveys, modified by consensus between the present study authors and research coordinators at prospective study sites. Throughout the study, a national coordinator was available in both countries to answer data collection queries.
Data recorded included age, gender, severity of illness, airway access, ventilator mode and settings on the day of the survey, method of weaning, including use of a spontaneous breathing trial (SBT) or weaning protocol, and the date and time weaning commenced. The reason for each patient's ICU admission and the primary indication for initiation of ventilation were classified into predefined published categories 2, 8, 9 . As well, the date and time sedation was ceased, the type of sedation and method of delivery were recorded.
For each ventilated patient, the duration of ICU stay, ventilation and weaning were determined. The duration of ventilation was defined as the commencement of ventilation in ICU until successful extubation or removal from positive pressure ventilation in tracheostomised patients. Commencement of weaning was identified as the time-point when the attending clinician initiated a reduction of ventilatory support with the intent to begin the process of withdrawal of mechanical ventilatory support. For patients already in the weaning phase on the study day, the method and time of weaning commencement was identified by review of the medical record; those not in the weaning phase were assessed daily until extubation. Classification of the weaning method was determined from a predefined list in consultation with the attending clinician. Reintubation and use of noninvasive ventilation post-extubation were identified. An ability to maintain spontaneous breathing for >48 hours after extubation or removal from positive pressure ventilation was defined as successful extubation.
The Sequential Organ Failure Assessment (SOFA) score 10 recorded on the study day and daily thereafter was based on data recorded closest to each calendar date. The total maximum SOFA (SOFAmax) was then calculated by summing the worst (greatest) scores for all six components of the scoring system during the ventilation episode.
Statistical methods
Continuous data were expressed as median and interquartile range (IQR) (25th to 75th percentiles) and compared using the Mann-Whitney test. The median time-to-successful extubation and to ICU discharge were calculated using time-to-event methods (survival analysis), with death and loss to follow-up regarded as censored observations. As well, those participants whose mechanical ventilation commenced prior to the study day were only included in the time-to-event ('survival') analysis after accounting for their delayed entry (left truncation) 11 . Overall survivor functions for each country were compared using the Log-rank test. Of importance, while time-to-event methods return unbiased estimates with cross-sectional (point prevalence) observations of ventilatory duration through adjustments for censoring and left truncation, some previously published reports appear to have used naïve calculations of ventilation duration based upon conventional mean or median statistics. Such estimates, without adjustment for incomplete observations due to censoring or the selection process of delayed entry (left truncation), may be biased upwards, because cross-sectional (point prevalence) studies are more heavily weighted with cases of long duration than any series of incident cases 12 .
Multiple logistic regression using standard methods 13 was performed to quantify the association between various patient variables and the use of mandatory pressure-control (PC) modes compared with the binary alternative (volume or spontaneous breathing modes). Variables entered into the model were those deemed likely to influence selection of this mode type and the model adequacy was assessed by the Hosmer-Lemeshow goodness-of-fit test.
As well, risk ratios using standard formulae 14 and exact 95% confidence intervals (CI) for each ratio were calculated to summarise the proportion of patients receiving positive end-expiratory pressure (PEEP) at greater than 10 cmH 2 O compared to lesser values, according to the indication for ventilation. A two-tailed P value of <0.05 was considered statistically significant. All analyses were performed using Minitab 14 15 , Stata version 10.0 16 or StatXact version 8.0 17 .
RESULTS
Participants
Fifty-five ICUs participated, 41 (75%) in Australia and 14 (25%) in New Zealand, representing approximately 36% (55/153) of all adult ICUs that provide invasive ventilation to 20 or more patients each year 5 . Public sector and tertiary referral ICUs were well represented with 51/113 (45%) and 27/68 (40%) of these ICUs contributing data respectively. Further description of the demographic characteristics of participating ICUs has been reported elsewhere 6 .
Across both countries, 491 patients were either currently admitted or admitted on the study day, comprising 409 Australian and 82 New Zealand patients. Of the 491 patients, 284 (58%) patients received mechanical ventilation. Of these 284 patients, 74 were admitted on the study day and 210 were receiving ongoing mechanical ventilation initiated at some time prior to the study day. Median bed occupancy amounted to 67% of physical capacity during the day of the study.
Demographic data
Characteristics of ANZ ICU ventilated patients are shown in Table 1 . A similar male-to-female ratio, age distribution and severity of illness (APACHE II score) was found in the two countries. The most frequent overall indication for ventilation was postoperative respiratory failure (29%), followed by coma (18%). Acute exacerbation of chronic obstructive pulmonary disease (COPD) and neuromuscular disease were relatively uncommon indications for ventilation in both Australia and New Zealand.
Application of ventilation
Mechanical ventilation was provided via an endotracheal tube using the orotracheal route for 209 (74%) patients; the remaining 75 (26%) patients had a tracheostomy in situ on the day of the study. Synchronised intermittent mandatory ventilation (SIMV) using volume control (VC) and pressure support ventilation (PSV) were the two modes identified as in most frequent use on the study day (116/284 [41%] patients on each mode). Mandatory PC modes including SIMV (PC), assist control (A/C PC), BiLevel™ (also referred to as biphasic positive airway pressure), airway pressure release ventilation and pressure regulated volume control were used in 48/284 (17%) patients. A primary diagnosis of respiratory disease and increased severity of illness as measured by SOFAmax were independently associated with the clinical selection of PC modes during ICU admission, adjusting by multivariate logistic regression analysis for admission type (medical, surgical or trauma) and country ( Table 2) . Descriptive statistics for ventilatory parameters employed on the study day are displayed in Table 3 according to indication for ventilation. COPD patients were ventilated using a higher ventilator breath rate (median 16, P=0.002) and lower tidal volume setting than used in patients with other indications for mechanical ventilation (median 5.5 ml/kg, P=0.007).
The maximum applied PEEP was 20 cmH 2 Sedation profile Sedation was mainly administered by continuous intravenous infusion (91%). Propofol (113/284 patients, 40%) and the combination of a benzodiazepine and opiate (49/284 patients, 17%) were the two most common sedation regimens used (Table 4 ). Sedation was discontinued by the time weaning commenced in only 87/255 (34%) patients. Of the 227 patients who were successfully extubated, 18 (8%) patients received ongoing sedation after extubation.
Duration of ventilation and weaning
Patients remained in ICU for a Kaplan-Meier estimated median duration of 2.9 days (IQR 1.0 to 10.6). As discussed in "Statistical methods", naïve calculations, ignoring censoring and delayed entry (left truncation), return a median of 10.3 days (IQR 3.5 to 22.8) ( Table 5 ). The overall median duration of ventilation was 0.9 days (IQR 0.4 to 4.5). When cardiothoracic surgery patients (n=54) were excluded from the analysis, the Kaplan-Meier estimated median duration of mechanical ventilation increased The overall mechanical ventilation experience for ICU patients was similar in both Australia (0.9 days, IQR 0.4 to 4.2) and New Zealand (0.9 days, IQR 0.1 to 6.8, P=0.78) (Figure 1) .
Weaning methods
In the 255 patients where weaning was attempted, the most frequently utilised method, for all patient categories, was a change of ventilatory mode from one of several mandatory modes to PSV (115, 45% patients). This change was not usually accompanied by other reduction of support, either prior to ICU=intensive care unit, COPD=chronic obstructive pulmonary disease, ARDS=acute respiratory distress syndrome. * Data denote time in days to successful extubation in 50% (median) of patients (25 to 75%) (IQR) according to timeto-event (survival analysis) methods accounting for any delayed entry (left truncation) and treating data as censored with successful extubation as the outcome and death as the censoring event. † Data reported are naïve median (IQR) days calculated as described in "Statistical methods" for the sole purpose of comparison with previous studies of mechanical ventilation practice 1-4 . the mode change or following it, except for FiO 2 titration. Mandatory modes included SIMV (VC), mandatory minute ventilation, controlled mandatory ventilation or one of the PC modes identified previously. Use of PSV with reduction of support, either prior to the mode change or subsequently, was the method employed in a further 71 (28%) patients. T-piece weaning, used in 31 (12%) patients, was more common in patients with COPD (30% of patients).
Other methods including use of high-flow oxygen via tracheostomy alternating with PSV were used in 14 (5.5%) patients. A further 24 (9.4%) patients received only PSV throughout their episode of mechanical ventilation. SBTs were used in 88 (35%) patients across all indications for mechanical ventilation, while 30 (12%) patients were managed with a formalised weaning protocol.
Weaning outcomes
Death in ICU occurred in 57/284 (20%) patients, 29 prior to the commencement of weaning. Noninvasive ventilation post-extubation was used in 31/255 (12%) patients of whom nine (29%) required reintubation. Reintubation was required in a further 15 patients. Self-extubation occurred in one patient only.
DISCUSSION
In this multi-centre observational study of ventilation and weaning practices within 55 ANZ ICUs, the point prevalence of mechanical ventilation was 58%. This observed prevalence, while notably greater than the proportions reported by international studies of mechanical ventilation practice [1] [2] [3] [4] , was more similar to that noted in a large retrospective cohort of patient admissions to ANZ ICUs between 1993 to 2003 19 . The reasons underlying this apparently higher prevalence of ventilated patients in ANZ compared with other countries are unclear, but may in part reflect the closed ICU model established throughout ANZ ICUs 7 .
Demographic characteristics of ventilated patients and severity of illness were similar to those of comparable international studies of mechanical ventilation practice [1] [2] [3] [4] . However, in contrast to international reports, relatively more patients whose primary indication for ventilation was postoperative respiratory failure were noted in ANZ whereas relatively few patients were ventilated for COPD and ARDS. This finding may reflect factors such as pre-ICU treatment, overall population health and organisational aspects of ANZ ICUs such as the closed ICU model, with intensivists directing patient care, and a 1:1 nurse-to patient ratio for ventilated patients conventional to ANZ ICUs 6, 7 .
The present study found that the majority of ANZ ICU patients were ventilated using SIMV with PS or PSV. Notable deviations from previous international descriptions of mechanical ventilation practice 1-4 were a near absence of A/C as a preferred ventilation mode, and more common use of PC modes particularly in patients with COPD, ARDS and pneumonia. SIMV has been shown to provide higher minute ventilation with lower airway pressures compared to A/C in a number of studies [20] [21] [22] . However the present survey did not collect reasons for choice of ventilatory mode and thus is unable to clarify the reasons for the popularity of SIMV with PS and PSV in ANZ. Data on the relative popularity of different ventilatory modes used in clinical practice is known primarily from several international surveys conducted by one group, however, none of these included data from ANZ [1] [2] [3] [4] .
Ventilatory modes and applications may be introduced into everyday practice without formal evidence of their efficacy or superiority 23 . Due to variations in local ventilatory practice, a comprehensive understanding of what constitutes 'conventional' ventilation therapy is required to make international comparisons of ventilatory management 2 . The present study has demonstrated that extrapolation of an accepted view of 'conventional' ventilation derived from international studies to the ANZ setting would prove inaccurate. Reasons for such differences in international practice are undoubtedly complex, but may include variation in physician preferences, organisational structures and the roles and responsibilities of ICU health professionals.
The concept of optimal PEEP remains controversial, however relatively low PEEP levels have been shown recently to be independently associated with higher mortality in ARDS 24 . In ANZ ICUs, PEEP greater than 10 cmH 2 O was employed in 11% of patients overall, mostly those with heart failure, ARDS and pneumonia. Very few ANZ patients were ventilated with no PEEP. These findings contrast with those of the Mechanical Ventilation International Study Group 2,3 who reported 31% patients evaluated in their initial multiple centre study were ventilated with zero PEEP 2 . Similarly, 48% of COPD patients and 16% of ARDS patients had no PEEP set on day one of ventilation in a separate patient cohort 3 . More recent data collected in 2004 found 22% of ARDS patients had a PEEP set at <5 cmH 2 O 4 .
In the current study, the reported duration of ICU stay was quite similar to that recently reported from analysis of a much larger ANZ ICU database 19 . Previous international observational cohort studies 2-4 cited a median observed ventilation duration of seven days in the original study and five days in two subsequent studies. However, these and other previously reported studies do not appear to have accounted for the effect of censoring and the selection process of delayed entry (left truncation) on the calculation of the median duration of ventilation, leading to potentially overestimated median durations 11, 12 .
The present study demonstrated that weaning was commonly undertaken with PSV using a fixed level of pressure. In marked contrast to overseas reports, T-piece weaning, formalised weaning protocols and SBTs were used infrequently. Although weaning protocols, in certain contexts, may expedite successful extubation [25] [26] [27] , such protocols have not been widely adopted in ANZ. A recent North American controlled trial 28 found no advantage for protocols in the duration of ventilation. This was attributed to organisational structures including a closed ICU model, high levels of physician staffing and structured ward rounds, all of which are usual within ICUs in ANZ 7, 29 .
A number of limitations apply to the present binational prospective study of mechanical ventilation practice. First, the sample consisted of patients from self-selected ICUs and therefore may not have been representative of ANZ ICU ventilatory practice. Second, the majority of participating ICUs were 'research aware', as shown by their membership of the research interest group through which most were recruited. As such, these units may have had a particular interest in mechanical ventilation with a good understanding of modern evidence-based practice. The extent to which these factors may have influenced the results and conclusions of the present study is unknown. Third, the findings of the present investigation describe ventilation practice using a single time-point, cross-sectional analysis that may not be reflective of usual practice. However, this method mirrors techniques used for previous international surveys 2 .
CONCLUSIONS
The patient characteristics, duration and modes of ventilation and outcomes of ANZ ICU patients were similar in both countries. Notable differences to the available international descriptions of ventilatory practice included a higher prevalence of ventilated patients with an increased number of patients ventilated for postoperative respiratory failure and relatively few patients with COPD and ARDS receiving ventilation. Additionally, greater use of PC modes, avoidance of very low or zero PEEP and the near absence of A/C as a preferred mode was observed. Weaning styles also differed in ANZ compared to previous international descriptions, with a local preference for PSV weaning as opposed to T-piece. The presence of a primary respiratory disease requiring ventilation in ANZ ICUs was associated with more prolonged ventilation, more common use of PC modes and more likely use of PEEP >10 cmH 2 O.
Further studies are required to elucidate reasons for international differences in the provision of mechanical ventilation during critical illness and to determine which factors most influence these fundamental ICU practices.
